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SPECIFIC HEAT OF FLUIDS

2. THE SPECIFIC HEAT AND THE TEMPERATURE RELATION
OF SPECIFIC HEATS OF ALIPHATIC HALOGEN DERIVATIVES

V. Ya. Kurbatov

The experiments /by V. Ya. Kurbatov and coworkers/ were carried out by
the ‘combination method'. Wide test tubes held platinum or quartz flasks
(depth 50-75 mmu) of the test liquid. The tubes were placed in two different
liquids, boiling at definite temperatures. A mixer and a thermometer, which
had been calibrated for position and temperature, were located 25-60 mm deep
in the test liquid. At transfer they were removed carefully sc that the loss
of 1iguid on the thermometer aud the loss due to evaporation were both ex-
ceedingly small. Weighing was done after the experiment. Radiation losses
during transfer vere measured experimentally.

When crystal substences were placed in these flasks, they vere packed
together by thin platinum-wire spirals. Volatile substances were enclosed
in quaxtz flasks; the necks of the flasks were then sealed partially so thet
a thermometer could Just barely be inserted. The flasks were cooled in the
test tubes by lowering the latter into acetome cooled by liquid-air drops.
The temperature wvas held within limits of + 0.20,

Yoden thermmmeters were always checkad according to substances:of a
definite volling point and according to theix position in the flask,

Substances, supplied by Xahlbaum, Poulene, etc., were csrefully dis-
tilled and desiccated by a dry-air stream in thorowghly dry insirumensts.
Depending on availability of the substances, we tried to obtain either &
constant point or, in 4le case of substsnces expensive or hard to purify
(for example, to free dimethyl benzene from its isomers), as indicated in
the description of each experiment, a range of boiling points within 0.20
to 0.5°.
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The formulas were calculated from these experiments apd contrasted with

the experimental dats of cther observers. o w
50X1-HUM
1. Brommethsns {(Methyl Bromide) : ‘ i
CH33r = 9%.9; Bolling Poimt 4.T0 degreest 0.05 degrees
Experimentel) Deta of V. Kurbatov S . ; A S .
(Experiments in a Sealed Plagk) vy Lo T e [ ‘ R

2. Indomethsne {Methyl Iodide)
‘CH3I = 141.9; Boiling Point 42,70 degrees -

3. Dichloromethane (Methylane Chloride)
CExCly = 84.9%; Boiling Point 41.58 degrees

L. Dibromomethene (Methylene Browide)
CHpBro = 173.56; Boiling Point 97.3 degrees

5. Dilodomethane (Methylene Iodide)

CHpIy = 267.9; Boiling Point 180.b degrees
6. Trichloromethsne (Chloroform) "
CRCJ.3 = 119.39; Boiling Point 61.21 degree
Experinental Date of V. Xurbatov 1
Comparison With Data of Other Obgervers

T+ Tribromomethane (Bromoform)
CHBr3 = 252.9; Boiling Point 150.9 degrees
The rimental Data of V. Xurbatov
Comparison of Experiment and V. Kurbatov's Formla Showing Very Good
Agreement

COMPARISONR WITH OTHER DATA

8. Tetrachloromethane (Carbon Petrachloride)
CCly = 153.84; Bolling Point 76.7T8 degrees
Experimental Data of V. Kurbatov
Comparison With the Data of Other Observers

9. Tetrabromomethane (Carbon Tetrasvomide)
CBry = 331.68; Boiling Point 192.2 degrees
Experimental Data of V. Kurbatov

10. Chlorcethane (Ethyl Chloride)
Cl = 64.50; Boiling Foint -+14.0 degrees
rimental Data of V. Xurbatov
11. Eromcethane (Ethyl Bromide)
CoHsBr = 108.96; Melting Point - 119; Boiling Point +38.% degrees
Experimental Data of V. Kurbatov
12, Iodothune (Ethyl Iodide)

CoEsI ® 155.96; Boiling Point 72.1 degrees
Experimentai Data of V. Kurbatov
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L34 d,z-bichioroethane  (Kthylene Caloride)\ : . \
ColyClo = 98.95; Boiling Polnt 83.7 degrees - B Sy
Experimental Data of V. Xurbatov : o . i

ih. 1,1-Dichlorcethane (Ethylidene Chlocide)
CH3CHCY, = 98.95; Boiling Point 57.5 degrees
Experimental Date of V., Xurbatoy

e ' 15. 1,2-Dibromoethane (Sthylene Bromide)
Qe ) CoEyBry. = 187.87; Boiling Point 131.1 degrees

16. 1,2-Peirachioroethane (Acetylene Tetrachlcride)
. [53:1'72 = 167.8; Boiling Point 147.1 degress
Expei:fimntal Data of V. Kurbatov
Data of Other Ubservers Lo BRI

17. 1,2-Tetrabromoethane (Acetyleme Tetrabromide)
ColipBry, = 345.7; Bolling Point 250 degrses

18. 1,2-Dichloroethene {Pi-nlorcethylene)
CIHC : CECl - 97.02; Boiling Point 55.8 degrees

19. Trichlorosthene (Trichloroathylene)
CHC1 : CClp = 132.52; Boiling Point 88.2 degrees L

20. 1,2-Tetrachlorocthene {Perchloroethylene)
CClp : CCl, = 165.8; Boiling Point 121.2 degrees

21. 1,2-Pentachlorcethane (Pentachloroethylene)
030120013 z 203.31; Boiling Point 161.9+0.2 degrees

22. 1-Chloropropane (Propyl Chloride)
m3m235201 = 78.52; Boiling Point k6.5 degrees

& 23. l-Bromopropane (Propyl Promide)
; CH3CHaCHoBr = 122.98; Boiling Point 70.8 degrees

- 2k. 1,2-Dichloropropane (Propylane Chloride)
CH3CHpC1CEoCL = 149.6; Boiling Point 98.2 degrees

25. 1,2-Dibromopropane (Propylene Brom”'s)
CH3CHBrCHpBr = 201.9; Boiliug Point 141.6 degrees

26. Trimethylene Bromide
CHErCHCHpBr » 201.9; Boiling Point 165.% degrees

1,2,3-Trichloropropane
CLCHpCHCLCHoC1 = 147.2; Boiling Point 153.2 degrees* 0.2 degrees

1,2,3-Tribromopropane
= 280.80; Boiling Point 220.3+0.2 degrees

Experimental Data of V. Kurbatov

29. 1-Bramobutane (Futyl Bromide)
CH3CB2CHoCH2Br = 136.99; Boiling Point 100.2 degrees

30. 1-Chloro-2-dimethylethane (Isobutyl Chloride)
(CH3), CHCH,CL = 92.53; Boiling Poir 68.5 degrees
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'31. 1-Bromo-2-dimethyethane (Iscbutyl Bromide) S ‘ s ,
. {CHy)p CHCHBx = 1§6.99; Boiling Point 92.2 degrees ... il s

32. 1-Chloro-3-dimethylpropane {Iscamyl Chloride}
(ca3), CHCHpCHoCL = 106.55; Boiling Foint 95.09 degrees

33. 1-Bromo-3-dimethylpropave (Isoasyl Bromide)
(EH3)2 CHCECHoBr = 151.11; Boiling Poimt 119.1 degrees

3. 1-Todo-3-dimsthylpropens (Isomyl Iodide) L
(m3\— CE(H,CH,T - 198.01; Boiling Point 146.8 degrees

sg =

Teble 1. Specific Heahs of Aliphatic Helogen Derivatives

The compilation in Tabls 1 of the linear formmlas for specific hoat, as
might have been expected, shows that the introduction of heavier balogems or
the incremss in nuaber of halogens sharply reduces both constant snd deriva-
tives in the formmla. For exemple: in the case of CCl) vhen we have 8 per-
cent carbon, the ratic (CCl,/CBry) of specific beats 1s 0.104— 2.1, while

0.091
the ratio (CBry/CCl,) of. molecular veights 18 332 ~ 2.1, but retio {sr/ci}
153
of the halogens themselves is 79.98 - 2.2. The seme pettecn sppllies for .
35.5 B
CoHpCly and CoHpBYy, . The .ratio .of specific heats ix 0.209 2.0.
0.103

The ratio of molecular weights 1s %w 2.0. ‘This confiims the lav to the
1

effect taat the specific heat of liquids 1s sdditive and is composed of the
separate atomic specific heats. (V. Kurbatov, 191k).

Table 2. Molecular Thermal Capacity of Aliphatic Halogen Derivatives

. If we compare the temperature relations of molecular heats in Teble 2
we see that:

(1) The molecular heats of the simplest aliphatic balogen derivatives
fluctuate within comparatively narrow limits from one to the other;

(2) Increase of the weight of the halogens increases the molecular heat
at 0 degrees, but not very substantially (by 1 - 2 units);

(3) An incresse in the number of halogen atoms increases the molecular
heat at O degrees. :

Table 3. Values for the Reduced Temperature Coefficients of Specific Heat

The reduced tsmperature coefficients, that is, the ratio a of the con-

. b
stants in the formmla C, = a+bt, arv cowpared in Table 3. While in the mano-
halomethanes (methyl 1des) the value 1s ¢ tively small and eguals 0.0017,

in the case of monochaloethanes {ethyl halides) and the higher haloslkanes (alkyl
balides) it is found %o vary within the comparatively narrov limits: K - 0.0021 %
0.000 3.

nn -
BfiEpTy,
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© Thus, ’chare geems to be a marked distinction between the mathane tromide

and iodide derivatives with a velatively small E . 0.0016 and the halogsn -
derivatives of esthane end the higher alkanes, for wvhich B approaches a walue
for alknres, In further articles it will be shown that an increase in fomie
bonds (ae opposed to polar or covalent bonds) leads to & lowered reduced
temparature coefficient of specific heat. From this it follows that &a in-
crease in jonic bonde takes place: (1} during transfer to hydrocarbons with

"8 leass extended chain (therefore the most pronounced ionic character mast be
ascribed to mathane} or of the 1someric higher hydrocarbors, those vhich
have the most uniformly branched chain (in the case of octeaes)

mggm%r C. 0'53, and (2) contain & greater number of heavier halogens &re

um icnic.

Thus, the law that the reduced temperature coefficient of specific S
heat in orgaric cospounds is equal to 0.0020 1 0.0002 must be regarded as ‘ ‘ RERRT CVR P
applicable in the cmse of halogen derivatives, beginning with %he deriva- R :
tives of ethars. The introduction of heavier halogens or a largsr mumber of
thent increases the ionic bomds of the compounds and lovers the reduced
temperature coefticient of specific heat.

Conclusions

1. The specific hest of 34 helogen derivetives (from methanss to
pentanss) hes been studled, at least under three temperatwre intervals.

2. It has been established that the temperature relationship is
linear.

3. The introduction of cklorinz iucreases the molecular heats at
0 degrees by 5.5. For Br the incresse is 7; for I, 10; and F, k.5.

. h. The reduced temperature coefficient of the ethane halogen deriva-
tives and higher homologs has a value of O. 002.1-.t 0.0002 vhich is normal
for organic substances.

5. The introduction of a greater number of halogens and the trans-
for of derivatives of methane lower the reduced vemperature coefficient
to specific asat to 0.0015. .
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